The objective of the study was to analyze the influence of antioxidant components on antioxidant activity of dehydrated green leafy vegetables (GLV), namely, Amaranthus sp., Centella asiatica, Murraya koenigii and Trigonella feonum graecum. The edible portion of the GLV was chemically treated, steam blanched, oven dried and analyzed for antioxidant components and antioxidant activity. Multiple regression analysis was done to test for the relationship between antioxidant activity and the antioxidant components. The ascorbic acid, total carotene, β-carotene and total polyphenol content (tannic acid equivalents) of the GLV ranged between 1.94 -8.63, 12.13 -29.8, 2.63 -4.24 and 637.50 -1170.83 mg/100g respectively. The total antioxidant activity was highest in Trigonella feonum graecum and the least in Amaranthus sp. The GLV exhibited varied levels of antioxidant activity as analyzed by 1,1-diphenyl-2-picryl hydrazyl (free radical scavenger), reducing power and ferrous ion chelating activity at different concentrations of the extract, which were significantly different. Multiple regression analysis showed that the relationship of (i) total antioxidant activity, (ii) free radical scavenging activity and (iii) reducing power, each with antioxidant components in dehydrated GLV, was statistically significant.
Introduction
The tenet "Let food be thy medicine and medicine be thy food" advocated by Hippocrates nearly 2500 years ago is receiving renewed interest. Eating vegetables and fruits has always been associated with health benefits, but the way in which they enhance health has become clear only in the recent decades. Today it is believed that the regular consumption of dietary antioxidants may reduce the risk of several serious diseases (Hunter and Fletcher, 2002) . Plant foods especially fruits and vegetables, have been shown to have a biological property indicative of their ability to prevent diseases and promote health, hence they are called as protective foods.
Green leafy vegetables (GLV) are micronutrient dense nature's gift to mankind that provide more vitamins per mouthful than any other food. They are a rich source of calcium, iron, β-carotene, vitamin C, dietary fiber and many trace minerals. GLV also contain an immense variety of bioactive non-nutritive health enhancing factors such as antioxidants, phytochemicals, essential fatty acids and dietary fiber. There has been a growing recognition of importance of these phytonutrients in the prevention of non-communicable disease especially in the past two decades.
GLV are seasonal and also highly perishable due to the high water content in their plant tissues. Therefore dehydration seems to be the simplest technology for preserving greens especially when they are abundantly available. Dehydration can be used as a tool to utilize the greens in the seasons of non-availability, and a concentrated source of micronutrients to combat the micronutrient deficiency, which is prevalent in our populations. Therefore, it is now believed that nutritional security entails not only consumption of a balanced diet to meet the needs of macro and micronutrients but also phytonutrients which may play a major role in promoting health and nutrition. In the present study an attempt has been made to analyze the antioxidant activity of dehydrated GLV. The relative influence of antioxidant components (ascorbic acid, total and β-carotene and total polyphenol) on antioxidant activity of dehydrated GLV using multiple regression analysis was also studied.
Materials and Methods

Materials
Procurement of GLV Four GLV, namely Brahmi (Centella asiatica), Curry leaf (Murraya koenigii), Fenugreek (Trigonella foenum graecum) and Keerae (Amaranthus sp.) were procured from local markets. Edible portion was separated and washed under running water followed by double glass-distilled water. Greens were steam blanched for 5 min after chemical treatment with a solution of 0.1% magnesium oxide + 0.1% sodium bicarbonate and 0.5% potassium metabisulphite. They were drained after blanching and spread on steel trays for drying in an oven at 60°C for 8 -10 h. After drying GLV were powdered in a mixer, stored in an airtight container and stored in polythene covers in a refrigerator. Dehydrated GLV were analyzed for ascorbic acid, total and β-carotene, polyphenols and antioxidant activities. All chemicals used for the study were of analytical grade and double glass-distilled water was used for entire analysis.
Methods
Analysis of vitamins Ascorbic acid was determined by reduction of 2,6-dichlorophenol indophenol dye from blue to pale pink color. Total carotene was extracted in acetone, transferred to petroleum ether phase and read colorimetrically using petroleum ether for baseline correction. β-carotene was separated by column chromatography and read colorimetrically (Ranganna, 1986) . All analysis was carried out for duplicate samples and values averaged.
Preparation of extract one g of dried GLV in 30 ml of methanol was homogenized in a blender and homogenate recovered. 15 ml methanol was used to wash the blender, pooled with the first homogenate and the mixture was centrifuged at 4500 rpm for 15 min at room temperature. Supernatants were filtered using Blue Ribbon No. 589 filter paper and volume was made up to 50 ml with methanol (El and Karakaya, 2004) . The extracts were prepared in duplicate.
Analysis of total polyphenol content zero point two ml of sample was mixed with 1 ml of Folin-Ciocalteau reagent (10 fold dilution), 0.8 ml of 2% Na 2 CO 3 and volume made up to 10 ml using water-methanol (4:6) as diluting fluid. The solution was mixed, allowed to react for 30 min and absorbance read at 740 nm against a blank (Matthaus, 2002) . Concentration was calculated using tannic acid as standard and results were expressed as mg tannic acid equivalents/100g sample.
Estimation of Antioxidant Activity Four different methods as given below were used for analysis of antioxidant activities and all analysis were run in triplicate and averaged.
i) Total antioxidant activity by phosphomolybdenum method This assay is based on the reduction of Mo(VI) to Mo(V) by the sample analyte and the subsequent formation of green phosphate/Mo(V) complex at acidic pH (Prieto, Pineda and Aguilar, 1999 ). An aliquot of 0.1 ml sample was combined with 1 ml of reagent solution (0.6M sulphuric acid, 28mM sodium phosphate and 4mM ammonium molybdate). The tubes were capped, incubated at 95ºC for 90 min., cooled to room temperature and absorbance was measured at 695 nm against blank. For samples of unknown composition, water-soluble antioxidant capacities were expressed as equivalents of ascorbic acid (μmoles/g of sample)
.
ii) Free radical scavenging activity using 1,1-diphenyl-2-picryl hydrazyl (DPPH) DPPH, a commercial oxidizing radical is reduced by antioxidants. The disappearance of the DPPH radical absorption at a characteristic wavelength is monitored by decrease in optical density (Singh, Murthy and Jayaprakasha, 2002) . Different concentrations were taken in test tubes and volume made up to 1 ml with methanol. Four ml of 0.1mM methanolic solution of DPPH was added and volume made up to 5 ml. The tubes were shaken vigorously and allowed to react for 20 min at room temperature. The control prepared without any sample was used for base line correction. Changes in absorbance of samples were measured at 517 nm. Free radical scavenging activity was expressed as inhibition percentage and was calculated using the following formula.
% Free radical scavenging activity = × 100
(Control OD -Sample OD)
Control OD
iii) Reducing Power In this assay, Fe 3+ /ferricyanide complex is reduced to the ferrous form by antioxidants. The Fe 2+ formed is monitored by measuring the formation of Perl's Prussian blue at 700 nm (Oyaizu, 1986) . Different amounts of extracts in 1ml of distilled water were mixed with phosphate buffer (2.5 ml, 0.2M, pH 6.6) and potassium ferricyanide (2.5 ml, 1%). The solutions were allowed to react at 50°C for 20 min. Two point five ml of 10%TCA was added and centrifuged at 3000 rpm for 10 min. Upper layer of the solution (2.5 ml) was mixed with distilled water (2.5 ml) and 0.1% FeCl 3 (0.5 ml), and absorbance was measured at 700 nm. Increased absorbance of the reaction mixture indicated increased reducing power.
iv) Ferrous ion chelating capacity This method is based on the principle of the Fe 2+ -chelating ability of the antioxidant extract by measuring the ferrous iron-ferrozine complex formed at 562 nm (Hsu, Chen, Weng and Tseng, 2003) .To different concentrations of sample extracts (10 -50 mg) were added 0.1 ml of 2mM FeCl 2 . 4H 2 O, 0.2 ml of 5mM ferrozine and methanol to make up the volume to 5 ml. The solutions were allowed to react for 10 min. The absorbance at 562 nm was measured; a lower absorbance indicated a higher ferrous ion chelating capacity, which was calculated as follows:
A sample 562 nm % Ferrous ion chelating capacity = 1 -× 100 Acontrol 562 nm Statistical analysis The data were subjected to statistical analysis using ANOVA and Duncan's multiple range tests to check for differences between the antioxidant activities of dehydrated GLV as determined by different methods. Multiple regression analysis was done to test for the relationship between antioxidant activities and the antioxidant components (polyphenols, ascorbic acid, total and β-carotene).
Results and Discussion
The results of the study are presented in Tables 1 -2 and Figures 1 -3 .
Analysis of vitamins The ascorbic acid, total and β-carotene, polyphenol content and total antioxidant activity of dehydrated GLV are presented in Table 1 . Dehydrated GLV are poor sources of ascorbic acid as almost all the vitamin is destroyed during the process of dehydration. The total and β-carotene content of the dehydrated GLV ranged between 12.13 -29.81 mg/100g and 2.63 -4.24 mg/100g dry vegetable respectively. Statistically significant differences were observed in the vitamin content of the GLV. In the dehydrated GLV, the maximum amount of polyphenol content was seen in Centella asiatica (1170.83 mg of tannic acid/ 100g) and the least in Trigonella foenum graecum (637.50 mg tannic acid/100g). In Amaranthus sp. and Murraya koenigii, the total polyphenol content was 1100 and 953.33 mg of tannic acid/100g respectively. ANOVA revealed significant differences in the total polyphenol content of the dehydrated GLV (P = 0.000). On application of Duncan's multiple range tests, a significant difference was seen in the total polyphenol content among the dehydrated GLV. Oboh and Akindahunsi (2004) have reported a significant increase in the polyphenol content on sun drying of commonly consumed green leafy vegetables of Nigeria.
Total antioxidant activity by phosphomolybdenum method Total antioxidant capacity of dehydrated GLV is expressed as the number of equivalents of ascorbic acid in Table 1 . In the dehydrated GLV, the total antioxidant capacity was found to be high in Trigonella foenum graecum (3549.63 μmoles of ascorbic acid/g of sample) and low in Amaranthus sp. (849.61 μmoles of ascorbic acid/g of sample). In Centella asiatica and Murraya koenigii, the total antioxidant capacity was found to be 1625 and 1450.37 μmoles of ascorbic acid/g of sample respectively. The antioxidant capacities were in the order of Trigonella foenum graecum > Centella asiatica > Murraya koenigii > Amaranthus sp. ANOVA revealed significant differences in the total antioxidant capacity of the dehydrated GLV (P = 0.000). There were no studies in literature on the antioxidant capacity of dehydrated vegetables as measured by the phosphomolybdenum method. This method is routinely applied to evaluate the total antioxidant capacity of plant extracts.
Free radical scavenging activity using DPPH The reduction capability of DPPH radicals was determined by the decrease in its absorbance at 517 nm induced by antioxidants. Free radical scavenging activity of dehydrated GLV determined using DPPH is illustrated in Fig. 1 . Centella asiatica was observed to have the highest free radical scavenging activity at concentrations of 0.4 -2.0 mg/ml extracts The least free radical scavenging activity of 7.52 -23.89% was found in Trigonella foenum graecum at concentrations of 0.4 -2.0 mg/ml. The free radical scavenging activity was found to increase with increasing concentrations of the vegetable extracts. On application of ANOVA, significant differences were observed in the free radical scavenging activity among the dehydrated GLV (P = 0.000).
Reducing power The reducing capacity of a compound may serve as a significant indicator of its potential antioxidant activity (Meir, Kanner, Akiri and Hadas, 1995) . In our study, reducing power has been used as one of the antioxidant capability indicators of the dehydrated GLV. Fig. 2 shows the reducing power of the dehydrated GLV extracts as determined by the absorbance of the reaction mixture. The absorbance of the reaction mixture increased with the increasing concentration of the vegetable extracts. All the extracts exhibited high reducing activity. Similar reducing activity was observed in Centella asiatica and Amaranthus sp. Centella asiatica also had the highest free radical scavenging activity. The least reducing activity among the dehydrated GLV was observed in Trigonella foenum graecum. No significant differences were observed in the reducing power of the dehydrated GLV (P = 0.489).
Ferrous ion chelating capacity Iron is capable of generating free radicals from peroxides by Fenton reactions, and minimization of the Fe 2+ concentration in the Fenton reaction affords protection against oxidative damage (Lai, Chou and Caho, 2001; Rival, Boerin and Wichers, 2001 ). All the dehydrated GLV had similar ferrous ion chelating activities at concentrations from 10 -50 mg extract. The iron chelating activity was found to be in the range of 51.08 -64.50%
in the four dehydrated GLV at the highest concentration of 50 mg. The ferrous ion chelating activity followed the order Murraya koenigii < Amaranthus sp. < Trigonella foenum graecum < Centella asiatica. No significant differences were observed in the metal iron chelating activity of the four dehydrated GLV (P = 0.184).
The data was subjected to statistical analysis using ANOVA and Duncan's multiple range tests to check for differences between the antioxidant activities of dried GLV analyzed by different methods. Duncan's multiple range tests revealed that the differences in the total antioxidant activity among the GLV as determined by the phosphomolybdenum method were statistically significant. When the free radical scavenging activity (DPPH assay) was considered, Centella asiatica was found to be significantly different from all the other dehydrated GLV. There were no significant differences among the other samples. No significant differences were observed in the reducing power of all the samples. In ferrous ion chelating activity, only Centella asiatica was found to be different from Murraya koenigii. There were no differences in the ferrous ion chelating activity among the other dehydrated GLV.
Multiple regression analysis The regression coefficients of the antioxidant activity analyzed by different methods and the relative influence of antioxidant components in dried GLV are reported in Table 2 . The relationship between i) total antioxidant activity, ii) free radical scavenging activity and iii) reducing power with each of antioxidant components of dehydrated GLV was found to be statistically significant according to multiple regression analysis. No association was observed between the ferrous ion chelating activity and the antioxidant components -polyphenol, ascorbic acid, total and β-carotene. There have been no studies to illustrate the relative influence of these antioxidant components and the antioxidant activities. However a few workers have reported an association between the total phenol content and the antioxidant activities of the vegetables (Kaur and Kapoor, 2002; Thu, Sakurai, Uto, Van Chuyen, Yamamoyo, Ohmori, et al., 2004; Chanwitheesuk, Teerawutgulrag and Rakariyatham, 2005) .
To conclude, the dehydrated GLV exhibited antioxidant activities at varying levels. The dehydrated GLV are concentrated sources of micronutrients and their antioxidant activity has enhanced potential interest for improving the efficacy of different GLV as neutraceutical and pharmacological products. The consumption of these vegetables especially underutilized GLV may play a role in preventing human disease in which free radicals are involved, such as cancer, cardiovascular disease and aging. However, further investigations on individual components, their in vivo antioxidant activity, and the different antioxidant mechanisms are warranted. Table 2 . Regression coefficients (r 2 value) of antioxidant activity analyzed by different methods and the relative influence of antioxidant components in dehydrated GLV.
